The content of total polyphenolics, antioxidative capacity and antiproliferative activity were tested in wild and cultivated blackberry pomace. Wild blackberry pomace extract Tw2 showed the highest following contents: total polyphenolics (50.16 mg GAE g À1 dw), flavonoids (7.73 mg Qc g À1 dw), flavonols higher total polyphenolic contents and possessed stronger biological effects compared to cultivated blackberries (P < 0.05). All blackberry extracts showed high biological potential that could be attributed to high total polyphenols and flavonoids content and could be utilised as value-added functional food.
Introduction
Blackberries are seasonal fruits which, in the tested climatic conditions, reach their technological ripeness from mid-July to late-September depending on the variety, location, weather conditions, etc. (Blagojevi c & Bo zi c, 2012) . Due to their high content of antioxidant components, blackberries are recognised as fruits with high potential to prevent a number of degenerative diseases. Antioxidants are substances which, in small quantities, have the ability to donate an electron or a hydrogen atom to a free radical; they can chelate metal cations and thus form a stable molecule (Kohen & Nyska, 2002; Lagouri & Nisteropoulou, 2009; Ignat et al., 2011) . In vitro tests showed the effects of polyphenolic compounds on cell proliferation inhibition, nerve cell protection, insulin secretion improvement, decrease in vascularization and stimulation of vasodilation (Santangelo et al., 2007; Haminiuk et al., 2012; Souza et al., 2014; Sadowska et al., 2017) . Apart from that, flavonoid-rich nutrition can protect from atherosclerosis and thrombophilia (Rahman, 2007) . Recent studies have shown that flavonoids and anthocyanins can regulate the expression of multiple genes and certain signal pathways responsible for oxidative stress (Figueiras Abdala et al., 2017) .
Blackberry (Rubus fruticosus L.) is fruit which is not suitable for longer keeping in the fresh state; it is immediately frozen or processed shortly after harvesting. Significant quantities of pomace (20-30%) remain after processing of blackberries into juice or wine, which is disposed off as unused waste (Struck et al., 2016) . Blackberry pomace consists of seeds, skins and fibres, therefore being a very rich source of biologically active components well-known to inhibit free radicals (Wang & Lin, 2000; Struck et al., 2016) . Significant quantities of anthocyanin remain in pomace, due to the low solubility anthocyanin in water and bonds with the cell wall. Anthocyanins are the main source of the attractive red and black colours of the fruits (Stebbins et al., 2017) . Today a large number of studies on pomace are carried out in order to isolate bioactive compounds suitable for use in the food industry (Struck et al., 2016) . Food industry and small processing plants show the increased interest in the use of residual plant material that is, pomace. The product obtained by blackberry pomace extraction can be used to enrich foodstuffs (wine, juice, fruit yogurt, candies etc.) due to its polyphenolic content (Leopoldini et al., 2011; Canadanovi c-Brunet et al., 2017) . Santos et al. (2017) encapsulated blackberry pomace with maltodextrin in order to protect polyphenolic compounds and anthocyanins degradation during the storage time.
Different methods of extraction can influence the polyphenolic content in the extract and, consequently, the bioactive potential of extracts. In this paper, the selected extraction method was Soxhlet extractor, and 80% ethanol was used as the solvent. This method has a number of advantages such as safety for human use, profitability and lower toxicity to the researcher and the environment (Louli et al., 2004; Casazza et al., 2010; Dai & Mumper, 2010; Ignat et al., 2011; Tournour et al., 2015) . The shortcomings of this method are extraction time and possible degradation of polyphenolic components (Ivanovi c et al., 2014; Oszmianski et al., 2015) .
The aim of this study was to investigate the contents of polyphenolic compounds and biological potentials of blackberry pomace, as well as to determine the differences between the wild and cultivated blackberry varieties.
Materials and methods

Chemicals and standards
Chemicals and standards used in the research were of p.a. purity grade and was supplied by: Sigma-Aldrich (St. Louis, MO, USA), Acros Organics (New Jersey, USA), Lach-Ner s.r.o. (Neratovice, Czech Republic); solvents supplied by: Zorka Pharma, Sabac (Serbia) and J.T. Baker (Deventer, Netherlands). Blackberry pomace used in the research was extracted with a commercial extractor, type: Coral PJ 500, Fagor, Spain. All spectrophotometric measuring was carried out with Lambda 25 UV/VIS spectrophotometer, Perkin Elmer (USA).
Preparation of blackberry pomace extracts
The research was carried out on four blackberry varieties, two were cultivated ( Ca canska Bestrna and Chester Thornless) and two were wild varieties. The blackberries were picked manually in the period August-September 2016. The fruits were fully ripe. The samples were from two locations in the northwest part of Bosnia and Herzegovina (Veri ci and Javorani). The distance between the two locations is about 50 km.
The working samples were marked: Tc1 -Chester Thornless (from Javorani), Tc2 -Ca cak Thornless (from Veri ci), Tw1 -wild blackberry (Javorani) and Tw2 -wild blackberry (Veri ci).
The pomace was extracted with the Soxhlet extractor, and 80% ethanol (v/v) was used as the solvent, along with reflux. The extraction time was 6 h. Afterwards, the samples were put in a rotary vacuum evaporator until dry, at the temperatures up to 50°C. Additional drying was done in a vacuum desiccator for 5 days. The obtained extracts were kept in dark vials and refrigerated at + 4°C. For each method samples were prepared according to the procedures and all the analyses were done in at least three repetitions.
Total polyphenolics
The total polyphenolics content was determined spectrophotometrically by Folin-Ciocalteu method (Wolfe et al., 2003) . The measurements were performed at the wavelength of 765 nm. The results were expressed as mg of gallic acid equivalent per gram of dry extract (mg GAE g À1 dw).
Total flavonoids
The total flavonoids content was determined spectrophotometrically by Woisky & Salatino (1998) at the wavelength of 420 nm. The results were expressed as mg of quercetin per gram of dry extract (mg Qc g À1 dw).
Total flavonols
The total flavonols content was determined spectrophotometrically by Yermakov et al. (1987) at the wavelength of 510 nm. The results were expressed as mg of quercetin equivalent per gram of dry extract (mg Qc g À1 dw).
Total monomeric anthocyanins
The total monomeric anthocyanins content in the samples were determined by the modified pH differential method by Lee et al., 2005 . The measuring wavelengths were 500 and 700 nm respectively. The results were expressed as mg of cyanidin-3 glycoside equivalent per gram of dry extract (CyG g À1 dw).
Identification and quantification of phenolic acids and flavonoids by HPLC method
Chromatograms were recorded using different wavelength for individual compounds: 280 nm for hydroxybenzoic acids, ellagic acid, catechin and epicatechin, 320 nm for hydroxycinnamic acids and 360 nm for flavonoids. Separation was performed on a Luna C-18 RP column, 5 mm, 250 9 4.6 mm with a C18 guard column, 4 9 30 mm (both from Phenomenex, Torrance, CA, USA). Two mobile phases, A (acetonitrile) and B (1% formic acid) were used at flow rates of 1 mL min À1 with the following gradient profile: 0-10 min from 10% to 25% B; 10-20 min linear rise up to 60% B, and from 20 min to 30 min linear rise up to 70% B, followed by 10 min reverse to initial 10% B with additional 5 min of equilibration time. Samples were dissolved in 50% methanol. Polyphenolic compounds were identified by matching the retention time and their spectral characteristics against those of standards. The external standard method was the technique used for quantification. For each compound, a stock solution was made by accurately weighing out commercial standard of polyphenolic compounds followed by dissolution in 50% methanol. Solutions used for calibration were prepared by dilution of the stock solutions. Peak areas from chromatograms were plotted against known concentrations of standards. Equations generated via linear regression were used to establish concentrations of polyphenolic compounds in samples.
DPPH test
The effect of samples on 2.2-diphenyl-1-picrylhydrazyl (DPPH) radicals was determined by the spectrophotometric method by Liyana-Pathiranan & Shahidi (2005) . The measuring wavelength was 515 nm. The antioxidative activity of the samples towards DPPH radicals was shown as IC 50 values.
ABTS test
ABTS mechanism is similar to the DPPH method mechanism. The ABTS generated by a strong oxidising agent with 2, 2 0 -Azinobis (3-ethylbenzothiazoline-6-sulphonic acid). ABTS test was determined spectrophotometrically according to Re et al. (1999) . The absorbance was measured at a wavelength of 734 nm. The antioxidative activity of the samples on ABTS radicals was shown as IC 50 values.
Determining OH radical neutralisation
Measuring the degradation level of 2-deoxy-D-ribose under the influence of a hydroxyl radical generated in Fenton's reagent was carried out by a modified method by Gutteridge (1987) , described in the literature (Na dpal, 2017). After the OH radical was generated by Fenton's reagent in the system Fe 3+ -ascorbate-EDTA-H 2 O 2, the ability was tested of catching hydroxyl radicals by the solution of the extract in 80% ethanol. The absorbance was measured at 532 nm. The antioxidative activity of the samples on the hydroxyl radical was expressed as IC 50 value.
Antiproliferative activity
Human tumour cell lines: HeLa (cervix epitheloid carcinoma), MCF7 (breast adenocarcinoma), MRC-5 (normal foetal lung fibroblasts) and HT-29 (colon adenocarcinoma) were used for the estimation of antiproliferative effects of four blackberry pomace extracts. Cell lines were grown in Dulbecco's modified Eagle's medium (DMEM; PAA Laboratories GmbH, Pashing, Austria) with 4.5% glucose, supplemented with 10% heat-inactivated foetal calf serum (FCS; PAA Laboratories GmbH, Pashing, Austria), 100 IU mL À1 of penicillin and 100 lg mL À1 of streptomycin (Galenika, Belgrade, Serbia). All investigated cell lines were grown attached to the surface. They were cultured in 25 cm 3 flasks (Corning, New York, USA) at 37°C in an atmosphere of 5% CO 2 , high humidity and subcultured twice a week. Single cell suspension was obtained using 0.1% trypsin (Serva, UK) with 0.04% EDTA.
Samples used in the antiproliferative assay
For the analysis of antiproliferative effects, four blackberry pomace extracts were each dissolved in DMSO and further diluted in DMSO (to obtain five working concentration) and culture medium (1 lL of working concentration + 199 lL of culture medium; a = 200) to achieve required final concentrations. The final concentration of extracts was in the range from 0.0625-1 mg mL À1 , whereas the final concentration of DMSO in the samples was ≤ 0. 5% (v⁄v).
Sulphorhodamine B (SRB) assay
Cell lines were harvested and plated into 96-well microtiter plates (Sarstedt, Newton, NC, USA) at seeding density of 4 Á 10 3 cells per well, in a volume of 199 lL, and preincubated in complete medium supplemented with 5% FCS, at 37°C for 24 h. Serial dilutions of extracts or solvent (1 lL per well) were added to the test and control wells, respectively. Microplates were then incubated at 37°C for an additional 48 h. Cell growth was evaluated by the colorimetric SRB assay according to Skehan et al. (1990) . Cells were fixed with 50% TCA (1 h, + 4°C), washed with distilled water (Wellwash 4; Labsystems; Helsinki, Finland) and stained with 0.4% SRB (30 min, room temperature). The plates were then washed with 1% acetic acid to remove the unbound dye. Protein-bound dye was extracted with 10 mM Tris base. Absorbance was measured on a microplate reader (Multiscan Ascent, Labsystems) at 540 ⁄ 620 nm. Antiproliferative activity, that is, the effect on cell growth, was expressed as a per cent of the control and calculated as: % Control = (At⁄ Ac)Á100 [%] , where At is the absorbance of the test sample and Ac is the absorbance of the control.
Statistical analysis
The experiments were carried out in at least three repetitions. The results were expressed as mean value AE standard deviation (SD). To conduct the statistical data processing the following programs were used: Excel, Microsoft Office 2010 and IBM SPSS Statistics 20, while ANOVA variance analysis was used to monitor the significant difference between arithmetical mean at P < 0.05 and multiple interval test (Duncan's test). The correlation coefficient was expressed using the Pearson correlation coefficient.
Results and discussion
Extracts yield and polyphenolics content
The obtained extraction yields of dry extracts in relation to the fresh pomace were: Tc1 (5.21%), Tc2 (3.63%), Tw1 (6.23%) and Tw2 (6.74%). Ivanovi c et al. (2014) published a study where higher yield (30.5%) was obtained from blackberry pulp using the ultrasound extraction method. The total content of polyphenolics (TP), flavonoids (TFl), total monomeric anthocyanins (TMa) was tested in all four samples and the results are shown in Table 1 . The highest contents of total polyphenolics and flavonoids were in wild blackberries Tw1 and Tw2 with a significant statistical difference in relation to the extracts of the cultivated varieties (P ≤ 0.05). ) for wild varieties samples, the total polyphenolic content in dry pomace extracts was higher four to five times. Unlike the total polyphenolic and flavonoid content, the largest quantity of flavonols was detected in Tc1 sample (6.63 mg Qc g À1 dw). It is important to mention that flavonols usually accumulate in the surface tissues of fruits (Caridi et al., 2007) , and therefore significant quantities of juice remain in the pomace after extraction.
The largest quantities of total monomeric anthocyanins were obtained in the Tc1 sample, with a significant difference in relation to the content in the other tested samples (P ≤ 0.05). Wild blackberry pomace extracts contained significantly less anthocyanins (P ≤ 0.05) than cultivated Tc1 sample. About twice lower anthocyanin values were detected in Tc2 sample in relation to Tc1 ( Sadowska et al. (2017) , the tested pomace extracts showed about ten times higher anthocyanin concentrations. The extraction time affected the high content of anthocyanins, whereas the differences in tested samples were influenced by multiple factors such as: location, the sort, weather conditions and ripeness stage. Although many authors claim that the conventional extraction methods lose a significant quantity of anthocyanins (Struck et al., 2016; Gawalek et al., 2017) , the obtained results showed the opposite, that is, a large share of anthocyanins. Significant differences between anthocyanins were in hydroxyl groups, number and position of bound sugars as well as the degree of hydroxylation and methylation on the B ring (Kong et al., 2003) , while the biological potential was also influenced by anthocyanin degradation level. Major polyphenolic compounds present in investigated blackberry pomace extracts from two wild and two cultivated blackberry cultivars were identified and quantified by HPLC analysis. Phenolic acids (gallic, protocatechuic, caffeic, syringic, ellagic, syringic, vanillic and synapic acid) and flavonoids (catechin, epicatechin, rutin and myricetin) were identified in blackberry pomace extracts by matching their retention times (RT) and on-line ultraviolet (UV) spectra with those of standards. The content of total and individual phenolic compounds, quantified at 280, 330 or 360 nm, depending on their max response, are listed in Table 2 . Catechin (flavan-3-ol) was detected at relatively high levels in all blackberry pomace extracts, where Tw2 had the highest content (4.569 mg g À1 dw). Besides that, Tw2 had the 
Antioxidative activity
The results for the antioxidative activity of blackberry pomace extracts are shown in Table 3 . The wild blackberry pomace extracts showed lower IC 50 values to DPPH and ABTS radicals that is, higher antioxidative potential in relation to cultivated sort pomace extracts. The sample Tw1 showed the highest antioxidative potential (P ≤ 0.05), although the highest content of total polyphenolics and flavonoids was determined in the sample Tw2, and the highest content of total monomeric anthocyanins was found in the sample Tc1. A higher antioxidative potential detected in the wild blackberry samples was in accordance with the results obtained by Reyes-Carmona et al. (2005) . The Tw1 extract shows the highest level of ability in the neutralisation of hydroxyl radicals (Table 3 ). Standard antioxidants solutions, Trolox and BHT were used for comparison with blackberry pomace samples. The obtained results showed that pomace extracts had ten times lower antioxidative potential than synthetic antioxidants (Table 3) .
Antiproliferative effects
Pomace extract obtained from cultivated variety Tc2 showed the strongest antiproliferative effects on MCF7 cell line (IC 50 MCF7 = 231.72 lg mL À1 ), while wild blackberry pomace extract Tw1 had the strongest effect on HeLa (IC 50 HeLa = 232.10 lg mL
À1
) cell line (Table 4) . Significantly better results (lower IC 50 values) were obtained by Cetojevi c-Simin et al. (2017) using lyophilised samples of cultivated blackberries. In their study the most pronounced antiproliferative effects were obtained in MCF7 cell line. Interestingly, although possessing the highest antiproliferative effect, Tc2 sample showed the lowest content of polyphenolic components (Table 1 ). In relation to the effect on MRC-5 cell line, it was shown that the only deviating extract was Tc1 with a statistically significant difference (P ≤ 0.05). All extracts showed the weakest antiproliferative activity towards HT-29 cell lines (Table 4) . Antiproliferative activity was detected in pomace of certain varieties of apple by Savatovi c et al. The results were presented as mean value AE standard deviation (n = 3). Mean values with different superscript letters in the same column have a statistically significant difference with 95% probability (P < 0.05). *mg of g À1 dw. The results are presented as mean value AE standard deviation (n = 3). IC 50 (extract concentration that inhibits or scavenging 50% of radical). Mean values with different superscript letters in the same column are statistically significantly different in probability (P < 0.05).
BHT -butylated hydroxytoluene, Trolox -6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid, OH˙-hydroxyl radical. 
Correlations
The results in Table 5 show that a high correlation coefficient value was between the content of total polyphenols and flavonoids, and antioxidant activity and antiproliferative effects. The total polyphenolic content (r = À0.957) and total flavonoid content (r = À0.923) have the strongest influence on the activity of extracts on DPPH radical and, similarly, ABTS radical (r = À0.928) and High correlation with a statistically significant difference (P ≤ 0.01) is present between cell growth inhibition (HeLa) and total polyphenolic content (r = À0.822) and was good compared to the flavonoid content (r = À0.795). The good values of correlations are present between (HT-29) cell line in relation to total polyphenol content. An inverse correlation was found comparing polyphenol contentant antiproliferative activity in MCF7 cell line, that is, samples with lower total phenolic content and total flavonoids (Tc1 and Tc2) showed the higher antiproliferative effect. In MRC-5 cell line, a medium correlation was noticeable only in relation to total polyphenols and flavonoids.
Conclusion
Two cultivated and two wild blackberry pomace extracts varieties demonstrated a high content of polyphenolic components and good biological potential (antioxidative and antiproliferative) effects. Based on the correlation coefficient values, the linear dependence was determined between total polyphenolics and flavonoids, DPPH and ABTS radical inhibition, and HeLa and HT-29 cell growth inhibition. Having in mind that the pomaces from wild blackberries showed higher yield and stronger biological potential, the presented results proved wild blackberries as an acceptable, high-quality raw material that could be used as (TP) -total polyphenolics, (TFd) -flavonoids, (TFl) -flavonols, (TMa) total monomeric anthocyanins. *Very good correlation (r < À0.8), good correlation (r < À0.5), medium correlation (r < À0.3) and weak correlation (r > À0.3).
food additive, natural antioxidant and colourants in the food industry.
